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Claim 

A magnetron sputtering apparatus characterized by the fact that it is equipped with a 
target on the anode side of a cathode arranged opposite the anode in a vacuum vessel and a 
ring-shaped magnet on the side of the cathode opposite the target; that one pole of said magnet is 
positioned on the back face of the target at the midpoint between the center and the outer 
periphery; that the other pole enclosing said pole is extended at least up to the back face of the 
center of the target; and that the magnet can be rotated around the central axial line of the target. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a magnetron sputtering apparatus that generates a 
high-density plasma by an electric field and a magnetic field orthogonal to the electric field and 
obtains a high deposition rate by striking a target. 

Prior art 

In a conventional magnetron apparatus, as shown in Figure 2, a cathode 3 connected to a 
direct-current power supply 2 and a grounded anode 4 are arranged in a vacuum vessel 1 so that 
they face each other. A target 5 made of a material to be deposited is placed on the cathode 3, 
and a film- formation substrate 6 is inserted in the anode 4. The vacuum vessel 1 of the apparatus 
is evacuated from an exhaust port 7, and Ar gas is introduced from a gas introduction port 8. 
Furthermore, a discharge is caused by applying a voltage between these two electrodes 3 and 4. 
Electrons ionized by the discharge are trapped by the magnetic field emitted from the target and 
returning to the target, so that a high-density plasma is generated. Ar + [ions] 9 collide with the 
target 5, and particles stuck out of the target are deposited on the substrate 6. 

Problem to be solved by the invention 

In order to form the magnetic field being discharged from the target and introduced into 
the target, a magnet arranged on the back face of the cathode is used. In the magnet, since one 
pole is positioned at the center and the other pole has a circular ring shape enclosing said pole, 
the plasma is generated in the ring-shaped area between two poles. Therefore, as shown in Figure 
3, since the erosion area 51 of the target 5 has a ring shape and the central part remains, the 
utilization efficiency of the target is held at about 30-50%, and frequent maintenance due to the 
exchange of targets lowers the operability of the sputtering apparatus. Also, since the erosion 
area of the target 5 opposite to the substrate 6 is limited to certain areas, the contact of the 
particles dispersed from the target perpendicularly to the substrate is decreased. Along with the 
miniaturization of recent semiconductor elements, as the aspect ratio T,/T 2 of the contact hole 42 
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formed in an insulating film 41 on the semiconductor substrate shown in Figure 4 is 1 or more, 
the angle of incidence 0 at the perpendicular line 44 to the substrate surface of an incidence 

direction 43 of the sputtering particles is preferably 0 for coating the bottom of the contact hole 
42. 

The purpose of the present invention is to solve the above-mentioned problems and to 
provide a magnetron sputtering apparatus that raises the utilization efficiency of a target by 
enlarging the erosion area of the sputtering target, prevents the decrease of the utilization 
efficiency due to the target exchange, and can improve the coating performance of the bottom of 
a contact hole part in an element with a high aspect ratio. 

Means to solve the problem 

In order to achieve the above purposes, the present invention provides a magnetron 
sputtering apparatus characterized by the fact that it is equipped with a target on the anode side of 
a cathode arranged opposite the anode in a vacuum vessel and a ring-shaped magnet on the side 
of the cathode opposite the target; that one pole of said magnet is positioned on the back face of 
the target at the midpoint between the center and the periphery; that the other pole enclosing said 
pole is extended at least up to the back face of the center of the target; and that the magnet can be 
rotated around the central axial line of the target. 

Function 

The ring-shaped magnet rotates around the central axial line of the target on the other side 
of the cathode from the target, so that the line of magnetic force being discharged from the target 
and introduced into the target by the magnet covers the entire area up to the back side of the outer 
end of the magnet around the center of the target. Thereby, the target surface of the range is 
sputtered. Therefore, the utilization rate of the target is raised. 

Application example 

Figure 1 is a perspective plan view showing a magnet installed on the back face of a 
cathode observed from a target side in an application example of the present invention and shows 
contours of a target 5 and a cathode 3 with the same size. The magnet 10 has a ring shape. A N 
pole 1 1 is installed at the center, and a S pole 12 is installed at the outer periphery so that it is 
protruded toward the target perpendicularly to the cathode surface. With the magnet, lines of 
magnetic force are radially generated in the area 13 shown by slant dash lines on the surface of a 
target 5. Electrons arc trapped in the area of the target surface, and the target is sputtered. 
Therefore, in case the magnet 10 is rotated as shown by an arrow [sic] 14 around a central axis 
50 of the target 5, the sputtering is carried out on almost the entire surface including the center of 
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the target, and as shown in Figure 5, an erosion area 51 is generated. The utilization rate of the 
target 5 was raised to about 70%. Using the magnetron sputtering apparatus, when Al 43 was 
deposited on a control hole 42 with an aspect ratio of 1 .2 of a depth T, = 1 .2 and a width 
T 2 - 1.0 (j.m of an insulating film 41 shown in Figure 6, the film thickness d { was 0.5 jum on the 
upper surface of the insulating film, and the film thickness d 2 of the bottom of the contact hole 
was 0.4 jjm. The film thickness ratio was 0.8. Also, the film thickness d 3 of the side surface was 
0. 1 5 fxm. 30% coverage was obtained. 

Effect of the invention 

According to the present invention, without fixing the ring-shaped magnet installed on 
the back face of the target of the magnetron sputtering apparatus, the pole of the center is moved 
on the back face of the middle between the center of the target and the outer peripheral part so 
that it rotates around the central axis of the target, so that the area of the line of magnetic force is 
generated on the entire surface in a wide range around the target center on the back face of the 
target. Thus, the utilization efficiency of the target is raised, so that the decrease of the 
operability of the sputtering apparatus due to the target exchange is prevented. At the same time, 
the [number of] particles dispersed from the target and contacting the film-formation substrate 
perpendicularly is increased, so that the coating performance of the bottom of a contact hole with 
a high aspect ratio can also be improved. 

Brief description of the figures 

Figure 1 is a plan view showing the magnet part in an application example of the present 
invention. Figure 2 is a cross section showing a magnetron sputtering apparatus. Figure 3 is a 
cross section showing a target used in a conventional apparatus. Figure 4 is a cross section 
showing a contact hole part. Figure 5 is a cross section showing a target used in the apparatus of 
an application exampIeo£ilie present invention. Figure 6 is a cross section showing a contact 
hole part in which a*n Al film Is formed using the apparatus of an application example of the 
present invention. V. 
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Hie anode-facing aide of the cathode (3) la attached to target (5), and 
the other side Is attached to ring-shaped magnet (10) . One pole of the 
magnet (10) Is positioned between the centre and the outer 
circumference of the target (6), and the other pole extends to the 
centre of the target (5). The magnet (10) revolves on the centre axis 

of the target (5). — 

ADVANTAGE • Magnetic force line zone Is generated In a larger 
area on the target, and the target Is used effectively. (3pp 
Dwg.No.l^/«) 
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